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system and whose gene product pseudotypes retroviral core virions. Tlic presem invention further relates to a method of making a «able 

Ef^.'^TT ^"^^^^ """."T ^•^'^ "^'^'-^ r^mbinant pseudotyped retrovirus. ^ p^nH^eron 
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Of idenufymg a gene defect responsible for a mutant phcnotype using cDNA expression cloning by complementation in mammalian cells. 



FOR THE PURPOSES OF INFORMATiON ONLY 

Codes used to identify States party to the PCX on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


ArmenU 


GB 


United Kingdom 


AT 


Austria 


GE 


Geotgia 


AU 


Australia 


GN 


Guinea 


BB 


Btibadoc 


GR 


Greece 


BE 


Belgium 


HU 


Hungaiy 


BF 


Buikiu Faso 


IE 


Ireland 


BG 


Bulgaria 


IT 


Italy 
Jipan 


Rl 


Benin 


JP 


BR 


Brazil 


K£ 


Kenya 


BY 


Belanis 


KG 


Kytgystan 


CA 


Canada 


KP 


Democratic People's Republic 


CF 


Central Alricm Republic 




of Korea 


CG 


Congo 


KR 


Republic of Korea 
Kazakhstan 


CH 


SwitserUnd 


KZ 


a 


Cbtit d'fvoire 


U 




CM 


CanufDCRi 


LK 


SriUnka 


CN 


China 


LR 


Liberia 


CS 


Czechoslovakia 


LT 


Lithuania 


QZ 


Czech Republic 


LU 


Luxembouig 


DE 


Gemany 


LV 


Latvia 


DK 


Detimaric 


MC 


Monaco 


EE 


Estonia 


MD 


Republic of Moldova 


ES 


Spain 


MG 


Madagascar 


FI 


Finland 


ML 


Mali 


FR 


France 


MN 


Mongolia 


GA 


Gabon 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Sittgipoie 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TO 


Togo 


TJ 


Tajikisun 


TT 


Trinidad and Tobago 


(JA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 



wo 97/17457 



PCT/US96/17807 



STABLE PACKAGING CEIX LIWE PRODUCTyC PSEtJDOTYPED 

RETROVIRUSES 

Related Anpljg^^j^nff 

This application is a Continuation-in-Part of U.S. S.N. 
5 08/555,155, entitled ••Stable Packaging Cell Line Producing 
Pseudotyped Retroviruses For Gene Transfer^*, by Daniel S. 
Ory, Michel Sadelain and Richard C. Mulligan, filed 
November 8, 1995 and of U.S. S.N. 08/651,050, entitled ••A 
Method For Generation Of Retroviral cDNA Expression 
10 Libraries With A Vesicular Stomatitis Virus-G (VSV-G) Host 
Range For Expression Cloning By Complementation^*, by Daniel 
S. Ory and Jean E. Schaffer, filed May 21, 1996. The 
teachings of each are incorporated herein by reference in 
their entirety. 

15 runaipq si?»teinent 

Work described herein was supported by the National 
Institutes of Health grant, Kll HL02910. The U.S. 
Government has certain rights in the invention. 

Background 

20 Recombinant retroviruses are useful for in vivo and in 

vitro gene expression and for production of proteins of 
interest in eukaryotic host cells. Generally, recombinant 
retroviruses are produced by introducing a suitable 
proviral DNA vector into mammalian cells that produce the 

IS necessary viral proteins for encapsidation of the desired 
recombinant RNA and generation of infectious recombinant 
virions. Since, for most gene transfer applications, the 
generation of pure stocks of recombinant virus free of 
replication-competent helper virus is desirable, there has 



wo 97/17457 



PCT/US96/17807 



-2- 

been considerable interest in developing cell lines that 
produce the necessary viral gene products for the 
generation of recombinant retrovirus, yet do not themselves 
either yield detectable helper virus or transfer viral 
genes (Coffin, J., In:RNA Tumor Viruses^ Weiss, et al . 
(ed.)- Cold Spring Harbor Laboratory, Vol. 2, pp. 36-73 
(1985); Mann, R. et al.. Cell, 33:153-159 (1983); Watanabe, 
S., et al., Mol. Cell Biol., 3:2241-2249 (1983); Cone, 
R.D., et al., PNAS, USA, 81:6349-6353 (1984); Miller, A.D., 
et al., Mol. Cell Biol., 6:2895-2902 (1986); Bosselman, 
R.A., et al., Mol. Cell Biol., 7:1797-1806 (1986). One 
approach to doing so is to use mutated proviral genome to 
develop retroviral packaging cell lines. However, 
production of helper virus and/or transfer of packaging 
function (i.e., viral genes) may still occur. 

Thus, an improved retroviral packaging cell line is 
needed which limits the potential for generation of helper 
virus . 

Summary of the invention 

The present invention relates to a stable packaging 
cell line which produces helper-free pseudotyped 
^^tJ^oviruses and is of mammalian origin, preferably of non- 
murine origin, such as stable packaging human cell lines. 
These are referred to herein respectively, as stable 
pseudotyped retrovirus packaging cell lines and stable 
pseudotyped retrovirus packaging human cell lines. The 
packaging cell line comprises one or more non-retroviral 
expression constructs, such as an expression construct with 
the hxman cytomegalovirus (CMV) immediate early promoter or 
derivatives of this promoter (e.g., pMD) , which direct 
expression of: a) the retroviral gag gene and the 
retroviral pol gene, referred to as the retroviral gagpol 
genes, and b) a non-retroviral gene which is under the 
control of an inducible operator system and whose gene 
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product pseudotypes retroviral core virions. The gagpol 
gene products package the desired recombinant RNA into core 
virions, which are pseudotyped by the non-retro viral gene 
product, resulting in production of a stable, pseudotyped 
5 retrovirus packaging cell line capable of generating 
helper-free recombinant retrovirus. 

In one embodiment, the present invention relates to a 
stable, pseudotyped retrovirus packaging cell line capable 
of generating helper- free recombinant pseudotyped 
10 retrovirus with a pantropic host range- These cell lines 
generate helper-free recombinant pseudotyped retrovirus. 
The packaging cells comprise one or more non-retroviral 
expression constructs which direct expression of retroviral 
gagpol genes and a gene for the Vesicular Stomatitis Virus 
15 G (VSV-G) glycoprotein. The VSV-G glycoprotein, which is 
under the control of an inducible operator system (e.g., 
tet operator) , provides an envelope protein that 
pseudotypes the retroviral core virion generated by the 
gagpol proteins. The result is a stable, pseudotyped 
20 retrovirus packaging cell line (e.g., H29 gagpol) which 
generates helper-free recombinant pseudotyped retrovirus 
with a pantropic host range. In another embodiment, 
altered (e.g., mutated) retroviral gagpol genes are used to 
produce a stable, pseudotyped retrovirus packaging cell 
25 line (e.g., H29 new gagpol cell line). 

The present invention further relates to a method of 
making a stable, pseudotyped retrovirus packaging cell line 
which generates helper-free recombinant pseudotyped 
retrovirus. In the method of the present invention, 
3 0 mammalian cells are co-transf ected with one or more non- 
retroviral expression constructs which direct the 
expression of: a) retroviral gagpol genes and b) a non- 
retroviral gene which is under the control of an inducible 
operator system and provides a pseudotyped envelope for 
35 retroviral core virions. The gagpol proteins package the 
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desired recombinant RNA into core virions, which are 
pseudotyped by the non-retroviral gene product, resulting 
in production of a stable, pseudotyped retrovirus packaging 
cell line which generates helper-free recombinant 
5 pseudotyped retrovirus. 

In one embodiment, the present invention relates to a 
method of making a stable, pseudotyped retrovirus packaging 
cell line which generates helper-free recombinant 
pseudotyped retrovirus with a pantropic host range. In 

10 this embodiment, mammalian cells are co-transf ected with 
one or more non-retroviral expression constructs which 
direct the expression of retroviral gagpol genes (e.g., 
wild type or altered) and a VSV-G gene. The VSV-G gene, 
which is under the control of an inducible operator system, 

15 provides a pseudotyped envelope protein for the retroviral 
core virions, which are produced by the gagpol proteins. 
This results in production of a stable, pseudotyped 
retrovirus packaging cell line which generates helper-free 
recombinant pseudotyped retrovirus with a pantropic host 

20 range. 

In another embodiment, the present invention relates 
to a method of making a stable, pseudotyped retrovirus 
packaging cell line which generates helper-free recombinant 
pseudotyped retrovirus with a pantropic host range. In the 

25 method, mammalian host cells are co-transf ected with a 

first non-retroviral construct which expresses the gene for 
tet transactivator fusion protein (tTA) (Gossen, M. and 
Bujard, M. , Proc. Natl. Acad. Sci., 89:5547-5551 <1992)) 
and a second non-retroviral construct which expresses a 

30 gene for the VSV-G glycoprotein under the control of tet 
operator (minimal human CMV immediate early promoter 
incorporating tet binding sequences} . The transf ected 
cells are screened for tetracycline- inducible VSV-G 
expression; VSV-G protein is not detected in the presence 

35 of tetracycline and is detected in the absence of 
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tetracycline. Such cells are transfected with a third non- 
retroviral construct which expresses the retroviral gagpol 
genes, and screened for production of retroviruses. 
Transfected cells which produce retroviruses are stable, 
5 pseudotyped retrovirus packaging cells which generate 
helper-free recombinant pseudotyped retrovirus with a 
pantropic host range. 

The present invention further relates to the 
particular packaging cell lines described herein (H29 
10 gagpol or 293GPG cell line, H29 new gagpol cell line) and 
the particular cells and constructs (e.g., packaging 
elements) used to produce the stable, pseudotyped 
retrovirus packaging cell line described herein (H29 cells 
and pMD, pMDtet, pMDtet.G, PMD. gagpol, pMD.new gagpol 

15 constructs) . 

Another aspect of the invention is a retroviral vector 
for producing a cDNA library for expression in mammalian 
cells. The retroviral vector comprises two retroviral long 
terminal repeats (LTRs) (e.g., a 5' retroviral LTR and a 3' 

20 retroviral LTR) , a cloning site for insertion of cDNA and a 
cytomegalovirus (e.g., human) promoter. In one embodiment, 
the two LTRs are Moloney murine leukemia virus (MMLV) . In 
a specific embodiment, the 3' MMLV LTR is unmodified and 
the 5' is a modified or chimeric MMLV LTR in which the U3 

25 region of the 5' MMLV LTR is replaced with the 
cytomegalovirus (e.g., human) promoter or the 
cytomegalovirus enhancer-promoter. 

The present invention also relates to a cDNA library 
for expression in mammalian cells. The library comprises 

30 retroviral vectors which comprise two retroviral LTRs, cDNA 
and a cytomegalovirus promoter. The cDNA is positioned at 
a unique cloning site within the retroviral vector, 
preferably between the two LTRs, and is operably linked to 
the cytomegalovirus promoter. 
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The present invention also relates to a method of 
expression cloning in manunalian cells. The method 
comprises the steps of introducing into mammalian cells a 
cDNA expression library comprising retroviral vectors of 
5 the present invention and maintaining the mammalian cells 
containing the expression library under conditions 
appropriate for expression of the cDNA expression library, 
whereby the cDNAs in the expression librairy are expressed 
in the mammalian cells. In one embodiment, the cDNA 

10 expression library is introduced into mammalian cells by 
infection with pseudotyped retroviruses produced in a 
stable mammalian (e.g. , human, murine) packaging cell line* 
The stable mammalian packaging cell line can be selected to 
produce pseudotyped retroviruses with pantropic, ecotropic 

15 or amphotropic host range, preferably pantropic host range. 
In a particular embodiment, the present invention relates 
to a method of expression cloning in mammalian cells. The 
method comprises the steps of introducing a cDNA expression 
library comprising retroviral vectors which comprise two 

20 retroviral LTRs, cDNA and a cytomegalovirus promoter into a 
packaging cell line which produces pseudotyped 
retroviruses; maintaining the packaging cell line 
containing the expression library under conditions 
appropriate for generation of pseudotyped retroviral 

25 particles containing the cDNA expression library; infecting 
mammalian cells with the pseudotyped retroviral particles, 
under conditions appropriate for infection of the mammalian 
cells; and maintaining the resulting mammalian cells under 
conditions appropriate for expression of the cDNA in the 

30 mammalian cells. In a particular embodiment, the packaging 
cell line is a stable human embryonic kidney cell line and, 
specifically, a human 293-derived cell line. 

The present invention also relates to a method of cDNA 
expression cloning in mammalian cells, wherein VSV-G 

35 pseudotyped retrovirus particles which contain RNA produced 
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by transcription of cDNA in a cDNA library are produced in 
a packaging cell line. The cDNA library comprises vectors 
which, in turn^ comprise two retroviral LTRs, cDNA and a 
cytomegalovirus promoter; the cDNA is positioned between 
5 the LTRs and operably linked to the promoter. Mammalian 
cells are then infected with the VSV-G pseudotyped 
retroviral particles produced under conditions appropriate 
for transcription of RNA contained in the VSV-G pseudotyped 
retrovirus particles and production of protein encoded by 

10 CDNA in the cDNA library (by translation of the RNA in the 
retrovirus particles) in the mammalian cells. Mammalian 
cells which contain the RNA contained in the VSV-G 
pseudotyped retrovirus particles or protein encoded by the 
cDNA in the cDNA library are detected, using known methods. 

15 For example, RNA can be detected using in situ 

hybridization. Alternatively, immunodetection can be used, 
where the cDNA encodes protein which is expressed at the 
cell surface and the expressed proteins can be detected 
using antibodies which bind the protein expressed by the 

20 cDNA of interest (see e.g., U.S. Patent No. 5,506,126). In 
addition, epitope tags can be used to detect the protein 
expressed. In addition, functional assays can be used to 
detect the function of a protein expressed by the cDNA of 
interest (e.g., a protein which confers an adhesive 

25 phenotype on a cell) . 

The present invention also relates to a method of 
identifying a gene defect responsible for a mutant 
phenotype using cDNA expression cloning by complementation 
in mammalian cells. In this method, VSV-G pseudotyped 

30 retrovirus particles which contain RNA produced by 

transcription of cDNA in a cDNA library are produced in a 
packaging cell line. The cDNA library comprises two 
retrovirus LTRs, cDNA and a cytomegalovirus promoter; the 
CDNA is positioned between the LTRs and operably linked to 

35 the promoter. Mammalian cells which display a mutant 
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phejiotype are infected with the VSV-G pseudotyped 
retroviral particles under conditions appropriate for 
transcription of RNA contained in the VSV-G pseudotyped 
retrovirus particles and production of protein encoded by 
cDNA in the cDNA library (by translation of the RNA in the 
retrovirus particles) . Manaaalian cells with the mutant 
phenotype which display the wild type phenotype upon 
expression of the cDNA are identified. The cDNA which 
confers the wild type phenotype in the mammalian cells is 
then identified, thereby determining the gene defect 
responsible for the mutant phenotype. 

Development of the stable, pseudotyped retrovirus 
packaging cell lines described herein limits the formation 
of helper virus. As a result, stable pseudotyped 
retrovirus packaging cell lines are particularly valuable 
reagents for in vivo gene transfer studies aimed at cell 
lineage analysis and the development of human gene 
replacement therapies. 

Use of the retroviral vectors of the present invention 
enables retroviral cDNA expression cloning in any mammalian 
cell type, obviating the need for specialized cells for 
efficient expression cloning. In any mutant mammalian cell 
type for which there is a phenotype distinct from the wild- 
type parental cell type (e.g. , primary human cells derived 
from patients, primary or established cell lines derived 
from mutant animal strains, primary or established cell 
lines derived from knockout mice, mutant cell lines 
generated in cell culture) the genetic difference between 
the mutant and wild type cell (the genetic alteration (s) or 
defect (s)) can be rapidly identified by expression cloning 
by complementation using this invention. 
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p^^^f nftgffy^pfcion of the FjcRW 

Figure 1 is a schematic representation of the pMD 

construct. 

Figure 2 is a schematic representation of the pMDtet 
5 construct . 

Figure 3 is a schematic representation of the pMD.G 
construct. 

Figure 4 is a schematic representation of the pMDtet.G 
construct . 

Figure 5 is a schematic representation of the 
pMD. gagpol construct. 

Figure 6 is a schematic representation of the pMD.new 

gagpol construct. 

Figure 7 is a schematic representation of the plasmid, 

15 pBC.tTA 

Figure 8 is a schematic representation of the plasmid, 

HFG . SnlsLacZ . 

Figure 9A is a schematic representation of the AU3 

retroviral construct, AU3nlsLac2 

Figure 9B is a schematic representation of the AU3 
retroviral construct, AU3Bam. 



20 



nftf-ailed Deseriwtion of the Invention 

The present invention relates to a stable retrovirus 
packaging cell line of mammalian origin, preferably of non- 
25 murine origin, such as stable packaging human cell lines, 
which produce pseudotyped retroviruses. These are referred 
to herein, respectively, as stable pseudotyped retrovirus 
packaging cell lines and stable pseudotyped retrovirus 
packaging human cell lines for producing pseudotyped 
retroviruses for retroviral gene transfer. The packaging 
cell lines of the present invention comprise one or more 
non-retroviral constructs for expression of retroviral 
gagpol proteins, which produce a retroviral core virion, 
and a protein which provides a pseudotyped envelope for the 



30 
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retroviral core virion. The protein which provides a 
pseudotyped envelope for retroviral core proteins is under 
control of an inducible operator system. That is, 
production of retrovirus by the packaging cell line 
5 described herein is controlled by the inducible expression 
of the protein which provides a pseudotyped envelope for a 
retroviral core virion. Packaging cell lines of the 
present invention remain viable when uninduced (e.g. , in 
the presence of tetracycline when a tet operator is used) 

10 and express retroviral gagpol proteins which are non- 
enveloped; the uninduced packaging cell lines are capable 
of generating (producing) recombinant pseudotyped 
retroviral particles when induced (e.g., in the absence of 
tetracycline when a tet operator is used) . Thus, the 

15 pseudotyped retrovirus packaging cell line of the present 
invention is stable. Once induced, the packaging cell 
lines generate (produce) recombinant pseudotyped retroviral 
particles. 

In addition, the packaging cell line of the present 
20 invention limits the potential for generation of helper 
virus. Use of non-retroviral constructs and a non- 
retroviral protein which produces a pseudotyped envelope 
for the retroviral core virion contributes to the limited 
generation of helper virus. Potential for helper virus 
25 formation can be further limited by using non-rourine cells 
(e.g., human cells). Murine cell lines (e.g., NIH 3T3 
cells) are typically used to generate retrovirus packaging 
cell lines. However, the presence of endogenous murine 
retrovirus in the genome of mxirine cell lines, such as 
NIH 3T3 cells (Danos, et &1 . , Proc. Natl. Acad. Sci., 
85:6460-6466 (1988), could facilitate recombination events 
between the host cell genome, the retroviral expression 
constructs and the retroviral vectors, thereby contributing 
to production of helper virus. 



30 
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In addition, the retroviral gagpol genes can be 
altered (e.g. , mutated) , further limiting the potential for 
the production of helper virus. An example of mutated 
g&gpol sequences (i.e., new 5' gagpol; new 3' gagpol) is 
5 described in Example 1. 

As described in Example 2, packaging cell lines of the 
present invention can be derived from human 293 cells which 
incorporate a novel non-retroviral , human CMV immediate 
early promoter expression construct (pMD) to express the 

10 gagpol gene and pseudotyped envelope which limits the 
potential for generation of helper virus. In addition, 
silent mutagenesis of getgpol coding sequences minimizes 
homology with retroviral vector sequences, further limiting 
the potential for generation of helper virus. As further 

15 described in herein, the packaging cell lines of the 

present invention express the Vesicular Stomatitis Virus G 
(VSV-G) glycoprotein which efficiently pseudotypes the 
retroviral core virions. The VSV-G glycoprotein has a 
broad host range. Therefore, VSV-G pseudotyped 

20 retroviruses demonstrate a broad host range (pantropic) and 
are able to efficiently infect cells that are resistant to 
infection by ecotropic and amphotropic retroviruses (Yee, 
J.-K., et al., Proc. Natl. Acad. Sci., 92:9564-9568 
(1994)). High levels of expression of VSV-G are cytotoxic 

25 and therefore, VSV-G expression in the new packaging cell 
line is controlled by an inducible operator system, such as 
the inducible tet operator system, allowing for tight 
regulation of gene expression (i.e., generation of 
retroviral particles) by the concentration of tetracycline 

30 in the culture medium. 

Finally, as demonstrated herein, VSV-G pseudotyped 
retroviral particles can be concentrated more than 100-fold 
by ultracentrifugation (Burns, J.C., et al., Proc. Natl. 
Acad. Sci., 90:8033-8037 (1993)). The stable VSV-G 

35 pseudotyped retrovirus packaging cell lines permit 
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generation of large scale viral preparations (e.g. from lo 
to 50 liters supernatant) to yield retroviral stocks in the 
range of 10*' to 10" retroviral particles per ml. 

The H29 cells that express the inducible VSV-G protein 
5 have been observed in cell culture for better than 20 
passages. The H29 cells at passage 20 remain viable and 
continue to express in an inducible manner detectable VSV-G 
protein (e.g., by cell fusion studies. Western blotting) at 
levels equivalent to cells at an early passage. 

10 The expression construct for use in the present 

invention is a non-retroviral vector which directs 
expression of retroviral gagpol genes used to produce a 
retroviral core virion, and a protein which provides a 
pseudotyped envelope for the retroviral core virion. As 

15 described in Example 1, a suitable expression construct for 
use in the present invention is a human cytomegalovirus 
(CMV) immediate early promoter construct. Other examples 
of constructs which can be used to practice the invention 
include constructs that use SV40, RSV and rat /S-actin 

2 0 promoters . 

One or more of the non-retroviral expression 
constructs can be used to express the gagpol genes and the 
protein which provides a pseudotyped envelope, using skills 
known in the art. For example, the proteins can be 

25 expressed using one non-retroviral expression construct. 
In addition, two non-retroviral expression constructs can 
be used wherein one construct expresses the gagpol genes 
and the other construct expresses the genes (VSV-G, tTA) 
which provide a pseudotyped envelope under control of an 

30 inducible operator. Alternatively, as described in Example 
1, three non-retroviral constructs can be used: the first 
non-retroviral construct codes for the inducible tet 
transact ivator protein (tTA) which controls expression of 
the gene that expresses a pseudotyped envelope, the second 
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non-retroviral construct expresses the genes which provides 
the pseudotyped envelope and the third non-retroviral 
construct expresses the g&gpol genes. Further, the gag and 
pol sequences can be expressed separately, requiring a 
5 fourth non-retroviral construct (e.g., in which the third 
retroviral construct expresses the gag gene and the fourth 
retroviral expression construct expresses the pol gene) . 

As referred to herein, a "pseudotype envelope" is an 
envelope protein other than the one that naturally occurs 

10 with the retroviral core virion, which encapsidates the 

retroviral core virion (resulting in a phenotypically mixed 
virus) . A suitable protein which provides a pseudotyped 
envelope is the Vesicular Stomatitis Virus G (VSV-G) 
glycoprotein, as described in Example 1. Any suitable 

15 serotype (e.g., Indiana, New Jersey, Chandipura, Piry) and 
strain (e.g., VSV Indiana, San Juan) of VSV-G can be used 
in the present invention. The protein chosen to pseudotype 
the core virion determines the host range of the packaging 
cell line. VSV-G interacts with a specific phospholipid on 

20 the surface of mammalian cells (Schlegel, R. , et al.. Cell, 
32:639-646 (1983); Supertzi, F. , et al . , J. Gen Vxrol., 
68:387-399 (1987)). Thus, the packaging cell line which 
utilizes VSV-G to provide a pseudotyped envelope for the 
retroviral core virion has a broad host range (pantropic) . 

25 Other suitable proteins which can be used to provide a 

pseudotyped envelope for a retroviral core virion include 
type C murine retroviral envelope proteins; HTLV-1 envelope 
protein. Gibbon ape leukemia virus envelope protein, and 
derivatives of a suitable protein which provide a 

30 pseudotyped envelope (e.g., proteins which include 

insertions, deletions or mutations to prepare targeted 
envelope sequences such as ecotropic envelope with the EPO 
ligand, synthetic and/or other hybrid envelopes; 
derivatives of the VSV-G glycoprotein) . In addition, 

35 derivatives of murine retroviral envelope proteins can be 
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used. For example, derivatives of the VSV-G protein can be 
obtained in which the portion of the VSV-G protein which is 
responsible for binding to the cell surface is replaced by 
a specific ligand and the portion of the VSV-G protein 
5 responsible for membrane fusion is retained. The portion 
of the VSV-G protein responsible for binding to the cell 
surface is determined for example, by perfoxrming point 
mutation and deletion sequence analysis of the VSV-G 
sequence. The ability of each mutated VSV-G protein to 

10 bind to the cell surface is determined using an appropriate 
binding assay. Retroviral particles incorporating such 
derivatives of VSV-G protein would now be able to be 
targeted to specific cell populations. 

As discussed above, an inducible operator is used for 

15 controlled expression of the gene which provides a 

pseudotyped envelope. For example, high levels of VSV-G 
expression are cytotoxic (Yee, J.-K., et al . , Proc. Natl. 
Acad. Sci., 91:9564-9568 (1994)). Thus, an inducible 
tetracycline (i.e., tet) operator system is used to allow 

20 for tight regulation of VSV-G expression by the 

concentration of tetracycline in the culture medium of the 
packaging cell line. That is, with the tet operator 
system, in the presence of tetracycline, the tetracycline 
is bound to the tet transactivator fusion protein (tTA) , 

25 preventing binding of tTA to the tet operator sequences and 
allowing expression of the gene under control of the tet 
operator sequences (Gossen, M. and Bujard, M. , Proc. Natl. 
Acad. Sci., 89:5547-5551 (1992)). In the absence of 
tetracycline, the tTA binds to the tet operator sequences 

30 preventing expression of the gene under control of the tet 
operator. Examples of other inducible operator systems 
which can be used for controlled expression of the protein 
which provides a pseudotyped envelope are 1) inducible 
eukaryotic promoters responsive to metal ions (e.g., the 
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metallothionein promoter) , glucocorticoid hormones and 
2) the lac repressor /operator/ inducer system of E. coll. 

The nucleotide sec[uences which are encoded by the non- 
retroviral constructs can be obtained from a variety of 
5 suitable sources for use in the present invention • For 
example, nucleotide sequences expressing the operator 
system, the pseudotyped envelope and the gagpol sequences 
can be purified from natural sources, produced by chemical 
synthesis or produced by recombinant DNA techniques. For 
10 example, as described in Example 1, the gagpol sequence can 
be obtained using the pCripenv* construct* 

The cells used to prepare the packaging cells are 
mammalian cells, preferably non-murine cells. in a 
particular embodiment, the cells used to produce the 
15 packaging cell line are human cells (e.g., 293 cells, 

Graham, F., et al., J. Gen. Virol., 36:59-72 (1977); tsa 
201 cells, Heinzel, S. , et al., J. Virol., 52:3738 (1988)). 

The packaging cell lines of the present invention can 
be used to produce recombinant pseudotyped retroviruses to 
20 enable gene transfer, in vitro and in vivo, for purposes of 
expressing all or a portion of a desired gene in eukaryotic 
cells. For example, using known techniques, the packaging 
cell lines described herein can be used to produce 
recombinant pseudotyped retroviruses which are used to 
25 introduce a gene which encodes a particular mRNA, protein 
or polypeptide (e.g., therapeutic proteins or polypeptides, 
such as insulin, human growth hormone, erythropoietin, gene 
replacement for cystic fibrosis (CFTR) , familial 
hypercholesterolemia (LDL receptor) , ADA Deficiency (ADA) , 
0 Gaucher 's Disease (glucocerebrosidase) , antisense therapy 
by expression of inhibitory mRNA sequences) into eukaryotic 
cells in order to produce the mRNA or protein in quantities 
which are useful in administration for therapeutic purposes 
or in a diagnostic context (Yee, J.-K., et ai., Proc. Natl. 
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Acad. Sci., Pl:9564-9568 (1994); Dranoff, G., et al . , Proc. 
Natl. Acad. Sci., 90:3539-3543 (1993); Miller, A.D. , at 
al., Meth. in Em., 217:581-599 (1993)). That is, 
pseudotyped recombinant virus can be harvested from the 

5 paclcaging cell lines and used as viral stock to infect 

recipient cells in culture or in vivo using known methods. 
In the case of secreted proteins or proteins expressed in 
hematopoietic cells, sensitive assays such as ELISA or 
Western blotting can be used to assess gene transfer 
10 efficiency. Alternatively, high titer viral stocks 

produced by packaging cell lines provide superior gene 
transfer efficiency in transducing cells (e.g., 
hematopoietic cells) and reduce contamination as compared 
with current co-cultivation techniques. 

15 The packaging cell lines of the present invention can 

also be used to produce pseudotyped retroviruses containing 
DNA of interest for introducing DNA or genes of interest 
into mammalian cells, such as human cells, which will 
subsequently be administered into localized areas of the 

20 body (e.g., ex vivo infection of autologous white blood 

cells for delivery of protein into localized ares the body, 
see e.g., U.S. Patent No. 5,399,346). 

In addition, the packaging elements used to generate 
the stable, pseudotyped retrovirus packaging cell can be 

25 used in a variety of ways. For example, the H29 cell line, 
which demonstrates inducible VSV-G expression, can be used 
to generate retroviral libraries for expression cloning. 
The potential for production of high titer viral stocks 
will improve the representation of rare cDNAs in a given 

30 library. The packaging cell lines of the present invention 
can also serve as the basis for further generation of 
pseudotyped packaging cell lines. 

The packaging elements can be used as expression 
constructs for purposes of efficient constitutive (e.g., 

35 pMD) and inducible (pMDtet) gene expression. The pMDtet.G 
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construct can be used for other applications for inducible 
expression of VSV-G. The pMD gagpol and pMD new gagpol can 
be used to develop new generations of retrovirus packaging 
cell lines. The pMD, pMDtet, pMDtet.G and pMD. gagpol 
5 constructs can be used for efficient expression of a 
heterologous gene. 

Thus, as described herein, a stable cell line 
expressing VSV-G in an inducible fashion has been 
generated. In addition, a new CMV expression vector (pMD) 
10 and its derivatives (pMD.G, pMDtet.G, pMD. gagpol, pMD.new 
gagpol) which use genomic human ^-globin sequences for high 
levels of expression has been developed. As further 
described herein, a stable 293-based packaging cell line 
that uses CMV expression constructs, as compared with 
15 mutated proviral constructs, which limit the potential for 
helper virus has been developed and use of a mutated gagpol 
expression construct in a stable cell line to limit the 
potential for helper virus has been demonstrated. 

The present invention also relates to a retroviral 
20 vector for producing a cDNA expression library, for 

expression in mammalian cells, comprising two retroviral 
LTRs, a cloning site for insertion of cDNA, and a 
cytomegalovirus promoter. In one embodiment, the two LTRs 
are Moloney murine leukemia virus (MMLV) . In a specific 
25 embodiment, the 3' MMLV LTR is unmodified and the 5' is a 
modified or chimeric MMLV LTR in which the U3 region of the 
5' MMLV LTR is replaced with the cytomegalovirus promoter 
or the cytomegalovirus enhancer-promoter. 

The retroviral LTRs can be derived from any suitable 
30 retroviral vector, preferably a retroviral vector which 

results in high titer or expression of retroviral proteins 
The two LTRs can be derived from the same retroviral vector 
or different retroviral vectors. For example, as described 
in Example 3, both retroviral LTRs can be derived from the 
35 Moloney murine leukemia virus (MMLV) . Other suitable 
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retroviral LTRs include, for example, those derived from 
murine sarcoma virus (MSV) , murine papillary sarcoma virus 
(KPSV) , and Friend virus. 

The cloning site of the retroviral vector can be a 
5 variety of cloning sites. For example, as described in 
Example 3, the cloning site can be a BamHI cloning site. 
Other suitable cloning sites for use in the retroviral 
vectors of the present invention include, for example, any 
unique or infrequent restriction site within the gagpol or 

10 env genome, or within the U3 region. 

The cytomegalovirus promoter can be obtained from any 
suitable source. For example, as described in Example 3, 
the complete cytomegalovirus enhancer-promoter is derived 
from the human cytomegalovirus (HCMV) . Part or all of 

15 previously described CMV promoter could be used in the 

present invention. Other suitable sources for obtaining a 
cytomegalovirus promoter include commercial sources, such 
as Clontech, Invitrogen and Stratagene. 

The retroviral vectors of the present invention can be 

20 used for expression cloning in mammalian cells, wherein a 
cDNA expression library comprising the retroviral vectors 
described herein are introduced into mammalian cells under 
conditions appropriate for expression of the cDNA 
expression library. In one embodiment, the present 

25 invention relates to a cDNA expression library for 
expression in mammalian cells, wherein the library 
comprises two retroviral LTRs, a cytomegalovirus promoter 
and cDNA, wherein the cDNA is positioned between the 
retroviral LTRs and is operably linked to the 

30 cytomegalovirus promoter. 

The cDNA for use in the present invention is any cDNA 
which is of interest for expression in mammalian cells. 
The cDNA can be from any type of cells, such as blood 
cells, cells from tissue samples, or cultured cells. 

35 Generally the cDNA will be from the same type of cell in 
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which the cDNA is being expressed in those cases where 
expression cloning by complementation is being carried out. 

The cDNA library for use in the present invention can 
be obtained using routine methods (e.g., Seed and Aruffo, 
5 Proc. Watl. Acad. Sci, USA, 84:3365-3369 (1987)). For 
example, mRNA can be prepared from any cell and the cDNA 
synthesized using standard techniques (Sambrook, J., et 
al.. Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory Press (1989)) and commercially available 

10 cloning kits (e.g., Pharmacia, Invitrogen, Stratagene) . 

The retroviral vectors of the present invention can be 
introduced into mammalian cell using any technique which 
results in expression of the cDNA expression library in the 
cell (e.g., electroporation, calcium phosphate 

15 precipitation, cationic lipids, liposomes). In one 

embodiment, the cDNA expression library is introduced into 
a packaging cell line to produce retroviral particles, 
containing RNA transcribed from the cDNA expression 
library, which are used to infect mammalian cells resulting 

20 in expression of the cDNA expression library in the 

infected mammalian cell. In this embodiment, a packaging 
cell line (e.g., the 293GPG packaging cell line described 
herein) can be used to produce pseudotyped retroviral 
particles useful for expression cloning in mammalian cells, 

25 as described in Example 4. Other suitable packaging cell 
lines for use in the present invention include other human 
cell line derived (e.g., embryonic cell line derived) 
packaging cell lines and murine cell line derived packaging 
cell lines, such as Psi-2 cells (Mann, R. , et al.. Cell, 

30 33:153-159 (1983); FLY (Cossett, F.L. , et al., Virol., 
193:385-395 (1993)), BOSC 23 cells (Pear, W.S., et al., 
Proc. Natl. Acad. Sci, USA, 90:8392-8396 (1993), PA317 
cells (Miller, A.D. and C. Buttimore, Wolec. and Cell. 
Biol., 6:2895-2902 (1986)), Kat cell line, (Finer, M.H., et 

35 al.. Blood, 83:43-50 (1994)) GP+E-86 cells and GP+EM12 
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cells (Markowitz, D,, et al., *J. Virol. ^ 52:1120-1124 
(1988), and Psi Crip and Psi Cre cells (U.S. patent 
No. 5,449,614; Danes, O. and Mulligan, R.C., PNAS, USA, 
85:6460-6464 (1988}). Also see Yang, Y. , et al., Ifuinan 
5 Gene Ther., 6:1203-1213 (1995). The packaging cell lines 
for use in the present invention can produce retroviral 
particles having a pantropic anphotropic or ecotropic host 
range. Therefore, in this embodiment, the cDNA expression 
library of the present invention can be expressed in any 

10 cell within the host range of the retroviral particle 
produced by the packaging cell line. Further, in this 
embodiment, the promoter of the retroviral vector of the 
present invention can be any promoter which produces 
sufficient levels of transcription of the retroviral vector 

15 in the particular packaging cell line (e.g., SV40 promoter, 
RSV promoter, )3-actin promoter) . 

The retroviral vectors of the present invention (e.g., 
the AU3 retroviral vectors) can be used for transient 
transfection of packaging cell lines which produce 

20 pseudotyped retroviruses (e.g., the 293 GPG cells described 
herein, which are also referred to herein as H29 gagpol 
cells) for production of high titer pseudotyped (e.g., VSV- 
G) retrovirus. The retroviral vectors of the present 
invention permit construction of cDNA expression libraries 

25 (in the retroviral vectors) for transfection of retroviral 
packaging cell lines, in which pseudotyped retrovirus 
particles containing the cDNA expression libraries are 
produced. Each pseudotyped retroviral particle generally 
contains multiple mRNA molecules. 

30 As described in Example 4, high titer VSV-G 

pseudotyped virus using the AU3 retroviral vectors have 
been produced using the 293GPG cells which can be used for 
expression cloning by complementation in any cell line 
having a VSV-G host range. The retroviral vector, 

35 AU3nlsLZ, has been used to transfect 293GPG cells which 
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produce retroviruses at titers up to 3 x 10* infectious 
units (i.u.)/ml. in addition, as described in Example 5, 
the retroviral cDNA cloning vector, AU3BAM, has been used 
to transfect 293GPG cells with levels of expression and 
viral titers comparable to the AU3nlsLZ vector. Assessment 
of the effect of 5' untranslated sequences on cDNA 
expression and viral titer showed that the viral AU3Bam 
vector can accommodate up to 165 base pairs of 5' upstream 
non-coding DNA sequences with only a modest reduction in 
expression or viral titer (compared with a MFG-derived 
based retroviral vector which has been optimized for high 
cDNA expression and generation of high viral titers) . The 
VSV-G retroviral pseudotypes produced by 293GPG cells 
described herein have broad host range and will permit 
infection of any mammalian type (Yee, J.-K, et al., PNAS^ 
91:9564-9568) • 

Thus, the present invention provides retroviral 
vectors which can be used with a variety of mammalian 
packaging cell lines to produce pseudotyped retroviral 
particles which can, in turn, be used to infect a variety 
of mammalian cells containing the expression product 
(protein, polypeptide) encoded by the cDNA. In a specific 
example, the retroviral vectors are used to transiently 
transfect 293GPG cells to produce high titer virus with a 
VSV-G host range. The AU3BAM retroviral vector will allow 
cloning of any cDNA library into the vector. Transfection 
of the retroviral cDNA library into 293GPG cells produces 
retrovirus at titers >10* i.u./ml that are capable of 
infecting any mammalian cell type. Infection of host cells 
with this retroviral vector results in stable integration 
of the proviral genome, facilitating long-term high level 
expression of the cDNA in the retroviral construct. 

The novel methodology described herein makes use of 
retroviral vectors (e.g., AU3Bam retroviral vectors) and a 
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packaging cell line (e.g., the 293GPG cells), and provides 
for retroviral cDNA expression cloning in any mammalian 
cell type, obviating the need for specialized cells (e.g. 
Cos? cells, oocytes) for efficient expression cloning. In 
5 any mutant mammalian cell type for which there is a 

phenotype distinct from the wild-type parental cell type 
(e.g., primary human cells derived from patients, primary 
or established cell lines derived from mutant animal 
strains, primary or established cell lines derived from 
10 knockout mice, mutant cell lines generated in cell culture) 
the gene defect (s) can be rapidly identified by expression 
cloning by complementation using this invention. 

An extension of this methodology is the use of the 
retroviral vectors of the present invention to produce 
15 pseudotyped retrovirus in the packaging cells, for 

expression of candidate cDNA clones in cells that are 
derived from patients with genetic defects and established 
phenotypes. This will permit screening to determine the 
basis for genetic defects (e.g., altered expression of a 
20 gene involved in metabolism) in patients by complementation 
analysis. For example, numerous patients have been 
characterized biochemically and genetically to have single 
gene defects in fatty acid metabolism. However, the mutant 
genes have not been established by conventional methods. A 
25 panel of retroviral constructs which encode candidate cDNAs 
for various enzymes in fatty acid metabolism can be tested, 
for example, for complementation in primary fibroblasts 
from these patients. 

The retroviral vectors of the present invention are 
30 retroviral-derived vectors (e.g., Moloney murine leukemia 
virus-derived vectors) in which the retroviral enhancer- 
promoter (e.g., HCMV) has been precisely replaced with the 
cytomegalovirus enhancer-promoter in order to facilitate 
high levels of expression in the packaging cell lines 
35 (e.g., 293GPG) . 
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Further, the retroviral vectors of the present 
invention can be used to generate retroviral cDNA 
expression libraries to allow expression cloning in any 
mammalian cell type. In addition, identification of mutant 
genes responsible for human genetic defects by expression 
cloning by complementation can be accomplished using 
retroviral vectors of the present invention. Expression 
cloning of mutant genes from cultured cell lines that have 
been mutagenized in culture and have a known phenotype or 
from primary or established cell lines derived from animals 
with mutant phenotypes can be performed. For example, the 
expression cDNA library of the present invention is 
introduced into a cell having a mutated phenotype and 
identification of the genc(s) which complements the defect 
is determined. Thus, an important advantage provided by 
the present invention is that expression cloning by 
complementation as described herein can be used to identify 
gene(s) responsible for a phenotype caused by a mutation 
and obtain proof of the function of the responsible 
gene(s). Further, the example of the present invention 
will allow identification in knockout mice of gene products 
which complement the introduced mutation, or of gene 
products which function within the pathway (s) affected by 
the mutation (i.e., identification of downstream effectors 
by suppressor analysis) can be determined with the 
retroviral vectors of the present invention. Retroviral 
CDNA libraries constructed in the retroviral vectors for 
commercial distribution are also provided. 

The invention is further illustrated by the following 
examples, which are not intended to be limiting in any way. 
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ExemplificaliiQn 

Eyampl^ 1 Expression Vectior Constiructiions 

pMD (see Figure 1} was constiructed wit:h the 3.1 kb 
EcoRI-BamHI fragment from pBC12.AB that includes the pXF3 
5 backbone and human CNV immediate early promoter regions and 
a 1.34 kb BamHI-Xbal fragment derived from pUCMd)3s(R)S 
(Sadelain, M. , et al., Pjtoc. Natl. Acad. Sex. USA^ 92:6728- 
6732 (1995)) that includes the genomic human /S-globin 
sequences from the BamHI site in exon 2 through 690 bp in 

10 the 3' untranslated region. The plasmid pUCMd/Ss (R) 

however, differs from the genomic sequence in that there is 
a 374 bp deletion in the second intron between the first 
and third Rsal sites. pBC12.AB is a derivative of 
PBC12/CMV/IL-2 (B. Cullen, Cell 46:973 (1986)) in which the 

15 IL-2 sequences (bp 756-1439) have been replaced with a 

poly linker. The 3.1 kb EcoRI -BamHI and 1.34 kb BamHI-Xbal 
fragments were ligated after the EcoRI and Xbal overhangs 
were blunt-ended by treatment with the Klenow fragments. 
pHD.G (see Figure 3) was constructed with a 1.6 kb 

20 EcoRI fragment containing the VSV G gene that was derived 
from pSVGL (Rose and Bergman, Cell 34:513 (1983)) and was 
cloned into the EcoRI site in pHD which is within exon 3 of 
the genomic human jS-globin sequence. 

pMDtet (see Figure 2) was generated with a 0.47 kb 

25 Xhol-BamHI fragment from pUHC 13-3 (Gossen and Bujard, 

Proc. Natl. Acad. Sci. 89:5547-5551 (1992)), which contains 
the tet operator and minimal CHV promoter sequences, the 
1.34 BamHI-Xbal fragment from pUCMd)Ss(R)S and a 3.06 kb 
Xbal-Xhol fragment from pSL301 (Invitrogen) . 

30 To construct pMDtet.G (see Figure 4), the 1.6 kb EcoRI 

fragment containing the VSV G gene (pSVGL) was cloned into 
the EcoRI site in pMD.tetG which is within exon 3 of the 
genomic hiiman ^-globin sequence. 
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To construct pHD.gagpol (see Figure 5) , PCR was 
performed with pCRlPenv- (Danos and Mulligan, Proc. Natl. 
Acad. Sci., 85:6460-6466 (1988)) and the following pairs of 
primers: 5 ' -CGGAATTCATGGGCCAGACTGTTACC-3 ' (SEQ ID No:l) and 
5 5'-AGCAACTGGCGATAGTGG-3' (SEQ ID No: 2), 5'- 

CGGAATTCTTAGGGGGCCTCGCGG-3 ' (SEQ ID No: 3) and 5'- 
ACTACATGCTGAACCGGG-3 ' (SEQ ID No: 4). The PCR products were 
digested with EcoRI and Xhol and with EcoRI and Hindlll, 
respectively, to generate 0.94 kb EcoRI-Xhol and 0.94 kb 

10 Hindlll-EcoRI fragments. These fragments were ligated with 
the 3.3 kb Xhol-Hindlll fragment from pCRIPenv- and pUC19 
which had been linearized with EcoRI and phosphatase 
treated to produce pUC19 .gagpol. The 5.2 kb EcoRI fragment 
from pUC19. gagpol was cloned into the EcoRI site in pMD, 

15 which is within exon 3 of the genomic human /3-globin 
sequence, to yield pHD.gagpol* 

To construct pMD.new gagpol (see Figure 6) , PCR was 
performed with pBCIL2 .gagpol (Chung and Mulligan, 
unpublished results) , which encodes a mutated gagpol 

20 sequence and the following pairs of primers: 5'- 

CGGAATTCATGGGTCAGACTGTTACTAC-3 ' (SEQ ID No: 5) and 5'- 
AGCAACTGGCGATAGTGG-3 ' (SEQ ID No: 2), 5'- 
CGGAATTCTTAGGGAGCTTCTCTTGTTAG-3' (SEQ ID No: 6) and 5'- 
ACTACATGCTGAACCGGG-3' (SEQ ID No: 4) . The mutated gagpol 

25 sequences are as follows: 

New 5 'gagpol: 



ATGGGTCAGACTGTTACTACCCCTCTAAGTTTAACTTTGGGCCATTGGAAAGATGTAGA 
GAGGATCGCCCACAACCAGAGTGTAGACGTTAAGAAAAGACGTTGGGTCACTTTTTGTT 
30 CTGCAGAGTGGCCTACCTTCAACGTAGGCTGGCCAAGAGATGGTACTTTTAACAGAGAC 
CTTATTACCCAGGTCAAGATCAAAGTTTTTAGTCCAGGCCCTCACGGACATCCAGATCA 
GGTCCCTTACATTGTCACCTGGGAAGCTCTTGCCTTTGACCCTCCCCCTTGGGTGAAGC 
CTTTTGTCCACCCTAAGCCCCCACCTCCCTTGCCTCCAAGTGCTCCTTCCCTCCCTCTT 



5'- 
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GAACCCCCrrCGCAGTACTCCACCTCGATCCAGTCTCTATCCTGCCCTA-3 ' (SEQ ID 
No: 7) 

New 3' gagpol: 
5'- 

ATTCTATACGGAGCCCCTCCCCCTTTAGTTAACTTTCCAGACCCTGATATGACTAGAGT 

AACAAACTCTCCTAGTCTTCAGGCACACCrCCAAGCCCTGTACCTAGTCCAAC^^ 

TGTGGAGACCCTTAGCAGCTGCATACCAGGAACAGCTTGACAGGCCTGTAGTCCCCCAC 

CCGTACAGAGTGGGAGACACTGTATGGGTCCGACGCCACCAAACAAAAAACTTAGAGCC 

TCGATGGAAGGGCCCCTACACTGTACTACTCACAACCCCTACAGCCCTGAAGGTTGACG 

GGATAGCTGCCTGGATTCACGCTGCACACGTGAAAGCAGCTGACCCTGGAGGGGGTCCC 

TCTAGCAGATTAACCTGGCGCGTACAAAGATCCCAGAATCCTCTGAAAATCAGGCTAAC 

AAGAGAAGCTCCCTAA-3 ' (SEQ ID No: 8) 

The PGR products were digested with EcoRI and Xhol and 
with EcoRI and Hindlll, respectively, to generate 0.94 kb 
EcoRI -Xhol and 0.94 kb Hindlll-EcoRI fragments. These 
fragments were ligated with the 3.3 kb Xhol-Hindlll 
fragment from pCRIPenv- and pUC19 which had been linearized 
with EcoRI and phosphatase treated to produce pUC19.new 
gagpol. The 5.2 kb EcoRI fragment from pUC19.new gagpol 
was cloned into the EcoRI site in pMD, which is within exon 
3 of the genomic human jS-globin sequence, to yield pMD.new 
gagpol • 

A novel CMV expression vector (pMD) was constructed 
for expression of the wild-type gagpol (pMD. gagpol) and for 
the mutagenized gagpol (pMD.new gagpol). For pMD. gagpol, 
reverse transcriptase assays have been performed which 
demonstrate production of retroviral particles under 
conditions of both transient and stable expression. For 
pMD.new gagpol, reverse transcriptase assays have been 
performed which demonstrate production of retroviral 
particles under conditions of transient expression. 
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Example 2 g9pst:ruction of Packatytng Cell Lines 

Hiunan 293 cells (gift^ B. Panning; Graham, F. , et al., 
*J. Gen. Virol. ^ 35:59-72 (1977)) were grown in DMEM with 5% 
5 inactivated fetal bovine serum, supplemented with 2 mM L- 
glutamine, penicillin and streptomycin (293 growth media) 
and incubated at 37 C with 5% C02. The 293 cells were co- 
transfected by the calcium phosphate precipitation method 
(Pear, et al., PNAS, 90:8392-8396 (1994)) with 5 Mg pBC.tTA 
10 (see Figure 7; T. Chung and R. Mulligan, unpublished 
results) , 5 /ig pMDtet.G and 1 /xg pJSfipuro (gift, J. 
Morgenstern) . During transfection the 293 growth media was 
supplemented with 1.0 ^g/ml tetracycline (Sigma). The 
transfected cells were plated into selection 48 hours post- 
15 transfection in 293 growth media supplemented with 1.0 
/ig/ml tetracycline and 2 /xg/ml puromycin (Sigma) . 72 
independent clones were selected for clonal expansion and 
screened for tetracycline-inducible VSV-G expression. To 
screen the clones, each clone was plated in parallel into 
20 two 35 mm tissue culture dish (Corning) at 3 0% confluence. 
The following day one plate was washed twice with 2 ml 293 
growth media without tetracycline and the media changed to 
standard 293 media supplemented with 2 ^g/ml puromycin. At 
48 hours the cells were harvested for total cellular 
25 protein and the paired samples run on a 7.5% SDS- 

polyacrylamide gel under reducing conditions. The gels 
were transferred onto nitrocellulose (Schleicher & Schuell, 
0.45 mm) with a semi-dry electroblotter (Owl Scientific). 
Western blotting was performed using standard procedures. 
30 For the primary antibody a murine monoclonal anti-VSV-G IgG 
(Sigma) was used at a dilution of 1:800. For the secondary 
antibody an HRP-coupled donXey anti-mouse IgG F(ab)2 
fragment (Pharmingen) was used at a dilution of 1:10,000. 
Chemi luminescent detection was performed with the Dupont 
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NEN Renaissance kit. Positive cell lines (e.g. H29) were 
selected on the basis of no detectable VSV-G expression in 
the presence of tetracycline in the growth media and the 
detection of inducible VSV-G expression in the absence of 
5 tetracycline in the growth media. 

H29 craOPOl cell line (^^^ GPG cell lin^). 

H29 cells were grown in 293 growth media supplemented 
with 1.0 Mg/ml tetracycline and 2 Mg/ml puromycin (H29 
media) and co-transf ected by the calcium phosphate 
precipitation method with 10 /xg pMD.gagpol linearized with 
Seal and 2 Mg pSV2neo. During transfection the H29 media 
was supplemented with 1.0 /xg/ml tetracycline. The 
transfected H29 cells were plated into selection 48 hours 
post-transfection in H29 media supplemented with i.o Mg/ml 
tetracycline and 0.3 mg/ml G418 (Gibco) . Sixty-nine 
independent clones were selected for clonal expansion and 
were screened for reverse transcriptase activity (Goff , et 
al., Virology, 38:239-248 (1981)). 

Of the sixty-nine independent clones selected for 
clonal expansion, 10 clones had reverse transcriptase 
activity that exceeded the positive control (i.e., cre 
Cells), These 10 clones will be further characterized. 

H29 new aacypol cell line 

H29 cells are grown in 293 growth media supplemented 
with 1.0 Mg/ml tetracycline and 2 Mg/ml puromycin (H29 
media) and co-transf ected by the calcium phosphate 
precipitation method with 10 Mg pMD.new gagpol linearized 
with Seal and 2 Mg pSV2neo. During transfection the H29 
media was supplemented with 1.0 Mg/ml tetracycline. The 
transfected H29 cells are plated into selection 48 hours 
post-transfection in H29 media supplemented with l.o Mg/ml 
tetracycline and 0.3 mg/ml G418 (Gibco). Independent 
clones are selected for clonal expansion and screened for 
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reverse transcriptase activity (Goff, et al., J. Virology 
(1981)) . 

Discussion 

Thus, the derivative of pMD, pMDtet.G, provides for 
5 tetracycline inducible expression of VSV.G. Inducible 
expression of VSV-G has been demonstrated in a transient 
assay and in a stable cell line, H29. H29 is derived from 
293 cells (Graham, F. , et al,, J. Gen. Virol., 36:59-72 
(1977)) and was selected after co-trans feet ion with pBC.tTA 

10 (the Tet transactivator) , pMDtet.G and pJGfipuro. The H29 
cells show inducible VSV-G expression by western blotting 
that is only 5-fold less than transient VSV-G expression in 
parental 293 cells. The H29 cells passaged in culture for 
20 passages continue to demonstrate inducible VSV-G 

15 expression. 

Example 3 Construction of t he AU3 retroviral cloning 
vectors 

The AU3nlsLacZ retroviral vector was constructed by 
precise replacement of the U3 region in the 5' LTR of 
MFG.SnlsLacZ (Berns, et al.. Human Gene Therapy, 6:347-368 
(1995) ; see Figure 8) with the HCMV enhancer-promoter (nt 
-671 to -2) (Boshart, M., Cell, 41:521-530 (1985)). in 
AU3nlsLac2 the entire 5' genomic flanking region and all 
but 65 bp from the 3' genomic flanking region from 
MFG.SnlsLacZ is eliminated. 

The pMD plasmid was constructed as described in 
Example 1. For the construction of the AU3nlsLacZ, a 701 
bp fragment encoding the HCMV promoter was generated by PCR 
with the pMD plasmid as the template with the pair of 
primers, 5 ' -GGGCCCAAGCTTCCCATTGCATACGTTGTATC-3 ' (SEQ ID 
NO: 9) and 5 ' -GGACTGGCGCCGGTTCACTAAACGAGCTC-3 ' (SEQ ID 
NO: 10), creating a 5' Hind III site and a 3' Kas I site. 
The PCR product was digested with Hind III and Kas I to 
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yield a 677 bp fragment. The 91 bp Kas I-Sty I was 
isolated from the 3' LTR of MFG (Riviere, I., et al., PNAS^ 
92:6733-6737 (1995)). The 253 bp Sty T-Eag I and the 4994 
bp Eag I-Sca I fragments were isolated from MFG.SNlsLacZ 
5 (Berns, et etl., Human Gene Therapy, 6:342-368 (1995)), and 
the backbone for AU3nlsLacZ is a 2.65 kb Hind Ill-Sma I 
fragment from pUCia. 

For the construction of AU3Bam, a 561 bp fragment was 
generated by PGR with AU3nlsLacZ as the template with the 

10 pair of primers, 5'-GTGACCTGGGAAGCCTTGGC-3 ' (SEQ ID NO: 11) 
and 5'CGGGATCCAGTCTAGAGGATGGTCCACC-3' SEQ ID NO: 12), 
creating a 5' Kas I site and a 3' Bam H I site. The PGR 
product was digested with Kas I and Bam H I to yield a 389 
bp fragment. The 389 bp Kas 1-Bam H I fragment was ligated 

15 with 4466 bp Bam H 1-Eag I and 695 bp Eag 1-Kas I fragments 
that were derived from AU3nlsLacZ. 

Figure 9A displays the structure of the AU3nlsLacZ 
vector and Figure 9B displays the structure of the AU3Bam 
vector . 

20 Example 4 Production of VSV-G pseudotvped retrovirus by 



The plasmid pBC.tTA was constructed from pBC12/CMV/IL- 
2 (Cullen, B.R., Cell, 45:973-982 (1986)) by replacement of 
the IL-2 sequences (bp 756-1439) with the tet 
25 transactivator gene from pUHDlO-l (Gossen, M. , et al., 
Proc. Natl. Acad. Sci., 89:5547-551 (1992)). Figure 7 
displays the structure of the pBC.tTA plasmid. 

The pMD, pMD.G, pMDtet, pMDtet.G, and pMD.gagpol 
constructs and the 293GPG cell line were constructed as 
30 described in Example 1. 

Transient transf ections with 293GPG cells were 
performed on 60 mm dishes where 4-5 x 10* cells were plated 
the night prior in 4 ml 293 GPG media. 4 ug of AU3nlsLacZ 



transient transfection of 293GPG cells 
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was diluted into 300 ul Opti-MEM (Gibco BRL) and incubated 
at room temperature for 30 minutes with 25 ul Lipof ectamine 
(Gibco BRL) diluted into 300 ul Opti-MEM* 2-4 ml Opti-MEM 
was added to the DNA-Lipof ectamine mixture and layered on 
5 top of the 293GPG cells, which had been rinsed 30 minutes 
prior to transfection and had media replaced with 2 ml 
Opti-MEM. 2 ml 293 media was added at 7-8 hours post- 
transfection and the media was changed at 24 hours. The 
supernatant was harvested at 72 hours and viral titers 
10 determined as described below. 

Assay for fl-Galactosidase Activi ty and Deterinination of 
Viral Titers 

To stain cells for iS-galactosidase activity, cells 
were washed with phosphate buffered saline supplemented 

15 with 1 mM magnesium (PBS+) and fixed with 1% glutaraldehyde 
in PBS+ for 10 minutes at 37»C (Lim, K. , et al., 
BlotechnlguBS, 7:576-579 (1989). The fixative was 
aspirated and the cells incubated with 3 . 3 mM potassium 
ferricyanide (Sigma), 3.3 mM potassium ferrocyanide (Sigma) 

2 0 and 0.2% X-gal (Molecular Probes) in PBS+ for 2 hours at 
37*»C. Quantitative )S-galatosdase activity was determined 
using a commercially available luminescent assay 
(Clontech) . To determine viral titers, NIH 3T3 cells were 
plated at 1 X 10* cells per well in 6-well culture dishes 

25 16 hours prior to infection and incubated for 24 hours with 
serial dilutions of viral supernatants containing 8 ug/ml 
polybrene (Sigma) • Viral titer was determined as the 
average number of cells with blue nuclei (/3-galactosidase- 
producing cells) per twenty 1 mm^ fields (2-3 x 10* cells) 

30 multiplied by a factor to account for plate size, dilution 
of viral stock and division of target cells in tissue 
culture wells. 
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Production of VSV-G nseudotvped ret^yovirus bv transient: 
transfections of 293GPG cells 

The 293GPG clone was used to produce VSV-G pseudotyped 
retrovirus by transient transf ection, taking advantage of 
5 the high trans fectability of 293 cells. For transient 

transfection of the 293GPG cells, the AUSnlsLacZ retroviral 
construct was generated by substitution of the U3 region of 
the 5' LTR of MFG.nlsLacZ with the HCMV enhancer-promoter 
and deletion of the genomic 5' and 3' flanking regions of 

10 HFG*SnlsIiacZ. When compared to MFG. SnlsLacZ, AU3nlsIiacZ 
enabled a 20-fold increase in expression in transient 
transf ections. The 293GPG clone was transiently 
transfected by lipof ectamine with an average efficiency of 
40% with the AU3nlsLacZ construct. A 48 hour virus 

15 supernatant was collected between 24 and 72 hours post- 
transfection and removal of tetracycline from the growth 
medium. Viral titers in the range of 1-3 x 10* i.u./ml 
were achieved transiently. 

Example 5 Effect of 3' Untranslated Sequences on cDNA 

20 expression and viral titer 

There are several differences between previously used 
vectors and the AU3 retroviral cloning vectors. First, the 
AU3 vectors are specifically modified for high transient 
expression in 293-derived cell lines (e.g. 293GPG cells) by 

25 precise replacement of the U3 region in the 5' LTR by the 
complete human CMV enhancer-promoter (Boshart et al . , Cell, 
41:521-530 (1985)). Second, the AU3 vectors are derived 
from MFG which is an established high titer and high 
expression vector. Finally, unlike the vectors used for 

30 previous retroviral expression cloning, the effect of 5' 
untranslated sequences on cDNA expression and cDNA viral 
titer was examined. This is important because in the 
course of construction of cDNA libraries (Seed, B. and 
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Aruffo, S., PNAS, 84:3365-3369 (1987)) the cDNA inserts 
often include up to 200 base pairs of 5' untranslated 
sequences. Therefore, the retroviral cloning vector must 
be able to accommodate these additional sequences so that 
bias will not be introduced into the library. 

The effect of 5' untranslated sequences on cDNA 
expression and viral titer was examined by insertion of the 
lacz gene with 0-165 base pairs of 5' untranslated 
sequences into the AU3Bam vector. The following is the 
data normalized to 0 base pairs of untranslated sequence 
(i.e., AUSLacZ which does not contain the modified Bam H I 
cloning site) : 

# of 5' «>y pr-Assion (%) viral titer f^) 

untranslated bp 

O 100 100 

43 51 34 

106 36 31 

165 19 27 



These results demonstrate that the i^U3Bam vector can 
accommodate up to 165 bp of 5' untranslated sequences 
within the cDNA insert with only a modest reduction in 
expression or viral titer as compared with a non-cloning 
5 MFG-based retroviral vector. This data supports the 
capability of the AU3Bam vector to promote efficient 
packaging of the cDNA inserts and efficient transfer of t 
cDNA to the target calls. 



Equivalents 

10 Those skilled in the art will recognize, or be able t 

ascertain using no more than routine experimentation, many 
equivalents to the specific embodiments of the invention 
described specifically herein. Such equivalents are 
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int:ended to be encompassed in the scope of the following 
claims. 



• 
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(G) TELEPHONE: 
(I) TELEFAX: 

(ii) TITLE OF INVENTION: STABLE PACKAGING CELL LINE PRODUCING 
I ill AXii-c. psEUDOTYPED RETROVIRUSES 

(iii) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS: ^ -^v. t t»<»^,«olrfB P C 
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(B) STREET: Two Hilitla Drive 
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(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
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(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: WUMS96-01 
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<A) APPLICATION NUMBER: WHI95-07 
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(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (617) 861-6240 

(B) TELEFAX: (617) 861-9540 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "oligonucleotide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CGGAATTCAT GGGCCAGACT GTTACC 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "oligonucleotide- 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
AGCAACTGGC GATAGTGG 
<2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CGGAATTCTT AGGGGGCCTC GCGG 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
ACTACATGCT GAACCGGG 



18 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 baee pairs 

(B) TITPE: nucleic acid 

(C) STRANDEDNESSt single 

(D) TOPOLOGY: linsar 

(11) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc » " oligonucleotide " 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 s 
CGGAATTCAT GGGTCAGACT GTTACTAC 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) /TOPOLOGY: linear 

(11) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CGGAATTCTT AGGGAGCTTC TCTTGTTAC 29 



(2) INFORMATION FOR SEQ ID NO: 7: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 402 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



ATGGGTCAGA 


CTGTTACTAC 


CCCTCTAAGT 


TTAACTTTGG 


GCCATTGGAA 


AGATGTAGAG 


60 


AGGATCGCCC 


ACAACCAGAG 


TGTAGACGTT 


AAGAAAAGAC 


GTTGGGTCAC 


TTTTTGTTCT 


120 


GCAGAGTGGC 


CTACCTTCAA 


CGTAGGCTGG 


CCAAGAGATG 


GTACTTTTAA 


CAGAGACCTT 


180 


ATTACCCAGG 


TCAAGATCAA 


AGTTTTTAGT 


CCAGGCCCTC 


ACGGACATCC 


AGATCAGGTC 


240 


CCTTACATTG 


TCACCTGGGA 


AGCTCTTGCC 


TTTGACCCTC 


CCCCTTGGGT 


GAAGCCTTTT 


300 


GTCCACCCTA 


AGCCCCCACC 


TCCCTTGCCT 


CCAAGTGCTC 


CTTCCCTCCC 


TCTTGAACCC 


360 
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CCTCGCAGTA CTCCACCTCG ATCCACTCTC TATCCTGCCC TA 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

<A) UENCTH: 429 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: eingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
ATTCTATACG GAGCCCCTCC CCCTTTAGTT AACTTTCCAG ACCCTGATAT GACTAGAGTA 
ACAAACTCTC CTAGTCTTCA GGCACACCTC CAAGCCCTGT ACCTAGTCCA ACATGAAGTG 
TGGAGACCCT TAGCAGCTGC ATACCAGGAA CAGGTTGACA GGCCTGTAGT CCCCCACCCG 
TACAGAGTGG GAGACACTGT ATGGGTCCGA CGCCACCAAA CAAAAAACTT AGAGCCTCGA 
TGGAAGGGCC CCTACACTGT ACTACTCACA ACCCCTACAG CCCTGAAGGT TGACGGGATA 
GCTGCCTGGA TTCACGCTGC ACACGTGAAA GCAGCTGACC CTGGAGGGGG TCCCTCTAGC 
AGATTAACCT GGCGCGTACA AAGATCCCAG AATCCTCTCA AAATCAGGCT AACAAGAGAA 
GCTCCCTAA 

(2) INFORMATION FOR SEQ ID NO:9: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : 8 ing le 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 



60 
120 
180 
240 
300 
360 
420 
429 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 
GGGCCCAAGC TTCCCATTGC ATACGTTGTA TC 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GGACTCGCGC CGGTTCACTA AAOGAGCTC 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 baas pairs 

(B) TYPE: nuclttic acid 

(C) STRANDEDNESS: Singltt 

(D) TOPOI^Y: linear 

(ii) MOI*ECUI.E TYPE: ONA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 
GTGACCTGGG AAGCCTTGGC 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : s ingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CGGGATCCAG TCTAGAGGAT GGTCCACC 
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Wha-t is claimed is: 



1. A stable, pseudotyped retrovirus packaging cell line 
capable of generating helper-free recombinant 
pseudotyped retrovirus, wherein the packaging cell 
line comprises one or more non-retroviral expression 
constructs which direct expression of: 

a) retroviral gagpol genes which produce a 
retroviral core virion; and 

b) . a gene which encodes a pseudotyped envelope for 

the retroviral core virion and is under control 

of an inducible operator system, 
wherein the protein of b) provides a pseudotyped 
envelope protein for the retroviral core virion 
resulting in production of a stable, pseudotyped 
retrovirus packaging cell line which generates helper- 
free recombinant pseudotyped retrovirus. 

2. A stable, pseudotyped retrovirus packaging cell line 
capable of generating helper-free recombinant 
pseudotyped retrovirus with a pantropic host range, 
wherein the packaging cell line comprises one or more 
non-retroviral expression constructs which direct 
expression of: 

a) retroviral gagpol genes which produce a 
retroviral core virion; and 

b) Vesicular Stomatitis Virus G glycoprotein under 
control of an inducible operator system, 

wherein the Vesicular Stomatitis Virus G glycoprotein 
provides a pseudotyped envelope protein for the 
retroviral core virion resulting in production of a 
stable, pseudotyped retrovirus packaging cell line 
which generates helper-free recombinant pseudotyped 
retrovirus with a pantropic host range. 
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3. The packaging cell line of Claim 2 wherein the non- 
retroviral expression construct comprises a human 
cytomegalovirus immediate early promoter. 

4. The packaging cell line of Claim 2 wherein the 
inducible operator system for expression of the 
Vesicular Stomatitis Virus G glycoprotein is a tet 
operator system. 

5. The packaging cell line of Claim 2 wherein the 
retroviral gagpol genes are mutated. 

10 6. The packaging cell line of Claim 2 wherein the cells 
are H29 gagpol cells. 

7. The packaging cell line of Claim 5 wherein the cells 
are H29 new gagpol cells. 

8. A stable, pseudotyped retrovirus packaging cell line 
15 capable of generating helper-free recombinant 

pseudotyped retrovirus with a pantropic host range, 
wherein the packaging cell line comprises one or more 
cytomegalovirus expression constructs which direct 

expression of: 

20 a) retroviral gagpol genes which produce a 

retroviral core virion; and 
b) Vesicular Stomatitis Virus G glycoprotein under 

control of an inducible tet operator system, 
wherein the Vesicular Stomatitis Virus G glycoprotein 

25 provides a pseudotyped envelope protein for the 

retroviral core virion resulting in production of a 
stable, pseudotyped retrovirus packaging cell line 
which generates helper-free recombinant pseudotyped 
retrovirus with a pantropic host range. 
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The packaging cell line of Claim 8 wherein the cells 
are H29 gagpol cells. 



10. A stable, pseudotyped retrovirus packaging cell line 
capable of generating helper-free recombinant 
5 pseudotyped retrovirus with a pantropic host range, 

Wherein the packaging cell line comprises one or more 
cytomegalovirus expression constructs which direct 
expression of: 

a) mutated retroviral gagpol genes; and 
10 b) vesicular Stomatitis Virus G glycoprotein under 

control of an inducible tet operator system, 
wherein the Vesicular Stomatitis Virus G glycoprotein 
provides a pseudotyped envelope protein which 
interacts with the retroviral gagpol proteins that are 
15 expressed from the mutated gagpol genes to generate 

helper-free recombinant pseudotyped retrovirus with a 
pantropic host range from a stable, pseudotyped 
retrovirus packaging cell line. 

11. The packaging cell line of Claim lO wherein the cells 
20 are H29 new gagpol cells. 

12. A method of making a stable, pseudotyped retrovirus 
packaging cell line capable of generating helper-free 
recombinant pseudotyped retrovirus, comprising the 
steps of transfecting mammalian cells with one or more 

25 non-retroviral expression constructs which direct the 

expression of 

a) retroviral gagpol genes which produce a 
retroviral core virion, and 

b) a protein which provides a pseudotyped envelope 
30 for the retroviral core virion and is under 

control of an inducible operator system, 
wherein the protein of b) provides a pseudotyped 
envelope protein for the retroviral core virion 
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resulting in production of a stable, pseudotyped 
retrovirus packaging cell line which generates helper- 
free recombinant pseudotyped retrovirus. 

A method of making a stable, pseudotyped retrovirus 
packaging cell line capable of generating helper-free 
recombinant pseudotyped retrovirus with a pantropic 
host range, comprising the steps of transfecting 
mammalian cells with one or more non-retroviral 
expression constructs which direct the expression of 

a) retroviral gagpol genes which produce a 
retroviral core virion, and 

b) Vesicular Stomatitis Virus G glycoprotein under 
control of an inducible operator system, 

wherein the Vesicular Stomatitis Virus G glycoprotein 
provides a pseudotyped envelope protein for the 
retroviral core virion resulting in production of a 
stable, pseudotyped retrovirus packaging cell line 
which generates helper-free recombinant pseudotyped 
retrovirus with a pantropic host range. 

20 14. The method of Claim 13 wherein the non-retroviral 

expression construct is a cytomegalovirus construct. 

15. The method of Claim 13 wherein the inducible operator 
system for expression of the Vesicular Stomatitis 
Virus G glycoprotein is a tet operator system. 

25 16. The method of Claim 13 wherein the mammalian cells are 
H29 cells. 

17. The method of Claim 13 wherein the retroviral gagpol 
genes are mutated. 



13. 

5 



10 
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18. The method of Claim 17 wherein the mutated gagpol 
genes are the new 5' gagpol and the new 3' gagpol 
nucleotide sequences. 

19. A method of making a stable, pseudotyped retrovirus 

5 packaging cell line capable of generating helper-free 

recombinant pseudotyped retrovirus with a pantropic 
host range, comprising the steps of: 

a) transfeoting mammalian cells with a first non- 
retroviral construct which codes for the tet 

10 operator and a second non-retroviral construct 

which codes for the Vesicular Stomatitis Virus G 
glycoprotein ; 

b) screening the cells of a) for tetracycline- 
inducible VSV-G expression in which VSV-G is not 

15 detected in the presence of tetracycline and is 

detected in the absence of tetracycline; 

c) transfecting the cells of b) with a third non- 
retroviral construct which codes for the 
retroviral gagpol proteins; and 

20 d) screening the cells of c) for production of 

retroviruses 

wherein the transfected cells of d) which produce 
retroviruses are stable, pseudotyped retrovirus 
packaging cells capable of generating helper-free 
25 recombinant pseudotyped retrovirus with a pantropic 

host range. 

20. The method of Claim 19 wherein the second and third 
constructs are cytomegalovirus constructs. 

21. The method of Claim 19 wherein the mammalian cells are 
30 H29 cells. 



22. The method of Claim 19 wherein the retroviral gagpol 
proteins are mutated. 
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23. The method of Claim 19 wherein the mutated gagpol 
proteins are the new 5' gag and the new 3' pol 
proteins. 

24. H29 cell line. 

5 25. H29 gagpol cell line. 

26. H29 new gagpol cell line. 

27. pMD. 

28. pMDtet. 

29. pMDtet.G. 
10 30. pMD. gagpol. 

31. pMD.new gagpol. 

32. A retroviral vector for producing a cDNA library for 
expression in mammalian cells, comprising: 

a) two retroviral LTRs; 
15 b) a cloning site for insertion of cDNA; and 

c) a cytomegalovirus promoter. 

33. The retroviral vector of Claim 32 wherein the 
retroviral LTRs are Moloney murine leukemia virus 
LTRs. 

20 34. The retroviral vector of Claim 33 wherein one of the 
LTRs is a modified Moloney murine leukemia virus LTR 
in which the U3 region of the Moloney murine leukemia 
virus LTR is replaced with the human cytomegalovirus 
promoter . 
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35. A cDNA expression library for expression in mammalian 
cells, the library comprising retroviral vectors which 
comprise: 

a) two retroviral LTRs; 
5 b) cDNA; and 

c) a cytomegalovirus promoter, 

wherein the cDNA is positioned between the retroviral 
LTRs and is operably linked to the cytomegalovirus 
promoter . 

10 36. The CDNA expression library of Claim 3 5 wherein the 
retroviral LTRs are Moloney murine leukemia virus 
LTRs, and one of the LTRs is a modified Moloney murine 
leukemia virus LTR in which the U3 region of the 
Moloney murine leukemia virus LTR is replaced with the 

15 human cytomegalovirus promoter. 

37. A method of producing a cDNA expression library in 
mammalian cells, comprising the steps of: 
a) introducing into mammalian cells a cDNA 

expression library comprising retroviral vectors 
20 which comprise two retroviral LTRs, cDNA and a 

cytomegalovirus promoter wherein the cDNA is 
positioned between the retroviral LTRs and is 
operably linked to the cytomegalovirus promoter; 
and 

25 b) maintaining mammalian cells containing the cDNA 

expression library, produced in a) , under 
conditions appropriate for expression of the cDNA 
expression library 
whereby a cDNA expression library is produced in the 

30 mammalian cells. 



38. 



A method of Claim 37 wherein the cDNA expression 
library is introduced into cells using pseudotyped 
retroviruses produced in a packaging cell line- 
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39. A method of producing a cDNA expression library in 
mammalian cells, comprising the steps of: 

a) introducing, into a packaging cell line which 
produces pseudotyped retroviral particles, a cDNA 

5 expression library comprising retroviral vectors 

which comprise two retroviral LTRs, cDNA and a 
cytomegalovirus promoter, wherein the cDNA is 
positioned between the retroviral LTRs and is 
operably linked to the cytomegalovirus promoter 
10 thereby producing a packaging cell line 

containing the expression library; 

b) maintaining the packaging cell line containing 
the expression library under conditions 
appropriate for generation of pseudotyped 

15 retroviral particles containing the RNA 

transcribed from the cDNA expression library; 

c) infecting mammalian cells with the pseudotyped 
retroviruses of b) , 

whereby a cDNA expression library is produced in the 
20 mammalian cells. 

40. A method of Claim 39 wherein the packaging cell line 
is selected from the group consisting of: 293GPG 
cells, BOSC 23 cells, PA317 cells, Kat cell line, 
GP-t-E-86 cell line, GP+EAM12 cell line, and the FLY 

25 cell line. 

41. A method of producing pseudotyped retroviral particles 
of broad host range containing RNA transcribed from a 
CDNA expression library, comprising the steps of: 

a) producing a cDNA expression library comprising 
30 retroviral vectors which comprise: 

1) two Moloney murine leukemia virus LTRs; 

2) cDNA; and 

3) a cytomegalovirus promoter. 
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wherein the cDNA is positioned between the Moloney 
murine leukemia virus LTRs and is operably linked to 
the cytomegalovirus promoter; 

b) introducing the cDNA expression library into a 
5 mammalian packaging cell line which produces 

pseudotyped retroviruses; and 

c) maintaining the mammalian packaging cell line 
under conditions appropriate for production of 
RNA transcripts from cDNA in the cDNA expression 

10 library and for generation of pseudotyped 

retroviral particles containing RNA transcripts. 

42. A method of Claim 41 wherein the pseudotyped 

retroviral particles are VSV-G pseudotyped retroviral 
particles. 

15 43. A pseudotyped retroviral particle of broad host range 
produced by the method of Claim 42. 

44. Pseudotyped retroviral particles of broad host range 
comprising RNA transcribed from a retroviral vector 
for producing a cDNA library for expression in 

20 mammalian cells, wherein the retroviral vector 

comprises two retroviral LTRs; a cloning site for 
insertion of cDNA; and a cytomegalovirus promoter. 

45. Pseudotyped retroviral particles of Claim 44 which are 
VSV-G retroviral pseudotypes. 
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(a) Claims 1-31: a stable, pseudotyped retrovirus packaging 
cell line capable of generating helper-free recombinant 
pseudotyped retroviruses, wherein the packaging cell line 
contains one or more non-retroviral expression constructs 
which direct expression of retroviral gagpol genes and a gene 
encoding a pseudotyped envelope, e.g. the vesicular 
stomatitis virus G (VSV-G) glycoprotein, under the control of 
an inducible operator system, and methods for making the cell 
line . 

(b) Claims 32-45: a retroviral vector for producing a cDNA 
library for expression in mammalian cells, comprising two 
retroviral LTRs, a cloning site and a cytomegalovirus pro- 
moter, the CDNA expression library asT Sfi, a method for pro- 
ducing the library, optioanlly by using pseudotyped 
retroviruses, a method of producing pseudotyped retroviral 
particles using the library, and the pseudotyped retroviral 
particles EST Sfi, which may optionally be VSV-G retroviral 
pseudotypes . 
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